RESEARCH
C ommon bean, marketed as dry bean, is an important grain legume in human diet. Dry bean is an inexpensive source of protein, carbohydrates, vitamins, minerals, and fiber and is a primary staple food in many parts of the world. In North America, 85% of the total production of dry bean in some market classes, for example, navy bean, is destined to commercial food processors (Hensall District Cooperative, personal communication, 2013) , where the bean is canned in sauce for direct consumption. Canning quality of dry bean, therefore, ultimately determines the acceptability of new dry bean varieties by the canning industry. A successful variety must perform well not only in the farmers' fields but throughout the value chain; the ideal genotype must have the required superior agronomic performance, and also maintain an acceptable level of canning quality regardless of growing environment.
While canning quality of dry bean is known to be greatly influenced by the growing environment  Genotypic Association of Parameters Commonly Used to Predict Canning Quality of Dry Bean R. Khanal, A.J. Burt, L. Woodrow, P. Balasubramanian, and A. Navabi* aBSTRaCT To select dry bean (Phaseolus vulgaris L.) varieties suitable for the canning and processing industry, it is essential to understand the genetic and environmental effects on the quality parameters as well as their associations. A dataset of 6 yr of dry bean quality evaluations in the multilocation provincial registration trials in ontario, Canada, with data for parameters routinely used by breeding programs to predict the final canning quality of breeding materials was used. Genetic, environmental, and genotype (G) × environmental effects and multi-variable associations were studied using the estimates of the genotypic least squared means for the balanced yearly data and the best linear unbiased predictors (BLUps) for the overall unbalanced data. Genetic effects, accounting for 35 to 76% of the variation in navy bean and 38 to 88% of the variation in large-seeded bean, followed by location (L) effects, accounting for 11 to 66% of the variation in navy bean and 11 to 64% of the variation in large-seeded bean, were more important than the genotype ´ location (GL) interaction effects for seed composition parameters. This was not the case for physical and texture parameters, where GL interaction effects were often most important. positive associations were observed among hydration coefficient, can yield, and protein content in the yearly analyses as well as in the multi-year analysis. The negative association between percent washed-drain solids and bean texture after processing was also repeatedly observed over years. The associations reported here may guide further selection efforts in bean breeding programs. Balasubramanian et al., 1999; De Lange and Labuschagne, 2001 ) and canning processing procedures (Nordstrom and Sistrunk, 1979; Hosfield, 1991; Jackson and Wiese, 1993) , it is generally accepted that the bean genotype and its interaction with environmental and processing factors determine the final canning quality of dry bean (Hosfield and Uebersax, 1980) . Hosfield and Uebersax (1980) and Hosfield et al. (1984) developed various physical and chemical composition tests for bean that were related to canning quality which differentiate genotypes. Bean breeding programs often evaluate their breeding materials for a series of phenotypic parameters, through which they can predict the final canning quality of bean genotypes. These quality parameters range from various pre-cooking characteristics to physical parameters measured after canning, as well as several composition traits. Canning quality evaluations may also involve sensory and organoleptic evaluations of the canned products. Canning quality traits can be broadly described into two categories: those that have an economic impact for the processing industry and those that will affect appeal and palatability of the canned product. Among the traits that have an economic impact, the hydration coefficient, measured as the ratio of the weight of the blanched bean to the dry bean, is key as a high imbibition of water by a bean variety potentially increases the can yield, that is, the number of cans obtained from 1 kg of dry bean seeds, and therefore the economic return of a bean variety for the bean processor.
The percent washed-drained solids is another parameter used by the breeding programs and the processing industry, which refers to the mass of processed bean, rinsed and drained (Hosfield and Uebersax, 1980; Hosfield et al., 1984) . A low washed-drained solids value may indicate excessive loss of solids during processing and lead to an increased degree of clumping of bean at the bottom of the can after processing and during storage, an undesirable trait which, although having little direct economic impact on bean processing, might nonetheless lead to rejection of a cultivar by the processor as a high degree of clumping is seen as an unpalatable quality. Texture readings, obtained by specialized equipment, are also often used as quality parameters to quantify the firmness or softness of a bean sample after canning, another key determinant of palatability of a canned product.
In general, processors seek bean with high hydration coefficient that expand rapidly and uniformly in the can during processing, leave no clump at the bottom of the can, have acceptable percent washed-drained solids and texture after cooking, and cook to tenderness rapidly and uniformly (Deshpande et al., 1984) . Improving composition traits for canning quality in common bean is key for the processing industry, as these traits affect the profitability of a canning operation. Other canning quality parameters, such as color, texture, flavor, wholeness, overall visual appearance, and digestibility of processed bean, are important for the consumers Wassimi et al., 1990) and may influence the marketability of the processed bean.
Understanding of genetic variation for canning quality parameters and their associations present in the different market classes of dry bean may contribute to the breeding efforts for developing improved varieties in dry bean. The objectives of this study were to evaluate the effects of genotype and environment on dry bean canning quality parameters, examine the existing variation for each quality parameter in a set of bean-breeding elite lines, and investigate the phenotypic associations among canning quality parameters in a multi-location-year dataset of canning quality parameters in Ontario, Canada.
MaTERIaLS aNd METHodS dataset
A dataset of canning and quality evaluation parameters collected as part of multi-location evaluations of elite bean-breeding lines and check cultivars in two sets of registration trials conducted by the Ontario Pulse Crop Committee (www.gobeans.ca) from 2004 to 2009 in Ontario, Canada, was used in this study. The two trials were the Navy Bean Registration and Performance Trial, which only include small-seeded navy bean referred to as the navy trial, and the Colored Bean Registration and Performance Trial, which included large-seeded cranberry and kidney bean, referred to as the large-seeded trial. The dataset included data for a total of 96 navy and 62 large-seeded elite bean genotypes from different breeding programs. In each year, the genotypes were evaluated in three to six locations across the province of Ontario. Data was available for each year for at least three of the following locations: Elora, Granton, Kemptville, Kippen, St. Thomas, and Winchester for the navy bean, and Kippen, Huron, Monkton, St. Thomas, and Thorndale for the large-seeded beans. Data for each genotype in each location was taken from a composite sample, obtained from mixing equal amounts of bean from each of three or four replications. The dataset was balanced in each year with the same set of genotypes tested in all locations. However, it was unbalanced across years, with the set of varieties tested sharing only some common genotypes from year to year. Four varieties that meet industry processing standards, variety Cirrus across the navy trials, variety AC Calmont a dark red kidney bean, variety AC Elk a light red kidney bean, and variety Hooter a cranberry bean from the large-seeded bean trials, were included in all location-years and were used in this study as long-term checks in the unbalanced dataset.
Canning Evaluations
Samples were processed and evaluated for cooking and canning quality and seed composition parameters in the food laboratory at the Greenhouse and Processing Crops Research Centre (GPCRC), Harrow, ON. From each composite sample, a 500-g subsample was weighed and placed in a stainless steel wire mesh basket which was placed in a stainless steel blanching container containing pre-heated water at 88°C and blanched for 45 min. Each basket was then immersed in cold flowing water for 1 min. Excess water was then drained and samples were weighed again. The hydration coefficient of each sample was calculated as the ratio of the weight of blanched bean to the original dry × location (GL) interaction. Effects of both genotype and location were treated as fixed effects. Least squared means for each quality parameter were estimated for each genotype using the LSMEANS statement in the PROC GLM procedure for each genotype in each year. Multi-year analysis of the unbalanced data was performed using the PROC MIXED procedure in SAS as explained by Piepho and Möhring (2006) . The main effect of year, location(year), genotype, and the interaction effect of GL(year) were considered random effects. Best linear unbiased predictors for each genotype and for each quality parameter were estimated using the SOLUTIONS option in the RANDOM statement of the PROC MIXED procedure in SAS. The PROC CORR procedure of SAS was used to compute Pearson's correlation coefficients between pairs of traits in each year. Furthermore, the genotype × trait (GT) biplot analysis (Yan and Rajcan, 2002) was implemented to display the GT data in biplots, based on the following formula, which standardizes the data to remove the units of each measured trait:
where a ij is the value of the ith genotype for the jth trait, b j is the mean value of all genotypes for the jth trait, s j is the standard deviation of the jth trait, g n is the singular value for principle component (PCn), d in is the PCn score for the ith genotype, r jn is the PCn score tor the jth trait, and e ij is the residual associated with genotype i in trait j. Genotype × trait biplots were constructed by plotting PC1 scores against PC2 scores for each genotype and each trait (Yan and Rajcan, 2002) . All analyses were conducted by using SAS software (SAS Institute, 2008) . Genotype ´ trait biplot analysis was performed separately for the navy and large-seeded bean trials, first on the yearly least square means and then on the BLUP values obtained in the across-year analyses.
RESuLTS

Yearly analyses
Results of the yearly analysis of variance provided an estimate of the magnitude of genotype, location, and GL effects for various quality traits in each year (Tables 1 and 2 ). In the yearly analyses of variance for the navy bean, the genotypic main effect was significant (P < 0.05) for all traits except degree of packing, where genotype was never significant, and can yield, where genotype was a significant source of variation in only 4 of 6 yr. Similarly, for the large-seeded bean, the genotypic main effect was significant for canning quality traits except for degree of packing, where genotype was never a significant source of variation, hydration coefficient, where in only 3 of 6 yr the genotypic effect was significant, and can yield, where the genotypic effect was significant in only 4 of 6 yr. For both navy and large-seeded bean, location was often the least important factor while genotype and GL accounted for most of the total variation (Tables 1 and 2 ). For composition traits in both navy and large-seeded bean, however, GL appeared to be the least important factor, while genotype was often the largest contributor to total variation. weight (500 g). The total volume of the blanched sample was then measured in a volumetric cylinder. Can yield per kilogram of dry bean was estimated from each 500-g sample based on 160 mL of blanched sample filling an industry-standard (227 g) can.
Filled cans were topped with hot tomato sauce (made by adding 3011 g of Heinz Tomato Puree, 844 g white sugar, 404 g brown sugar, 222 g iodized table salt in 8 L of water) for the navy bean and hot brine sauce (made by adding 141.75 g of white sugar, 113.4 g iodized table salt in 9 L of water) for the large seeded bean, leaving approximately 0.5 cm headspace. Cans were then sealed, steamed, and sterilized in a static retort at 118°C for 1 h. Cans were allowed to cool down to room temperature and stored for at least 2 wk before opening for other evaluations.
Cans were weighed to determine the net weight of bean in sauce (total weight minus the weight of the can and lid). Each can was opened and the bean was emptied onto a mesh screen, shaking the can twice. The degree of clumping was recorded using a one to five visual scale based on the amount of bean remaining at the bottom of the can. A score of five was given to samples if the can was empty; four, if one layer of bean remained at the bottom of the can; one, if more than half the bean remained in the can; and, ratings of two and three were subjectively assessed in relation to the above fixed ratings. Any bean stuck in the bottom of the can was then carefully removed and added to the mesh screen. Samples were then gently washed with slow flowing 38°C tap water with the screen placed at a 15° angle and allowed to drain for 2 min. The remaining sample on the screen was then weighed and recorded as the washed-drained weight. This weight was then divided by the net weight of bean in the sauce to calculate the percent washed drained solids. The texture of the canned bean was evaluated and recorded as per Voisey (1971) using the Instron texture measurement system Model 441 (Instron Corporation, Canton, MA) equipped with the Ottawa Texture Measuring System cell which determines the firmness of a product by compression and extrusion. Plateau force (the average force (N) during 4 cm of travel of the plunger) and firmness (the slope of the line leading to the plateau (N/mm) for each sample.
Bean Composition Parameters
Bean composition was determined by near infrared reflectance spectroscopy using a NIRsystems 6500 instrument (FOSS, Eden Prairie, MN). Whole, dry seed was ground into fine flour for analysis. All results were expressed on a dry matter basis and values represent the mean of three determinations. Predictive models for total protein, sucrose, starch, and oligosaccharide (sum of raffinose and stachyose) contents were constructed iteratively over 10 yr using Ontario-grown bean samples. The reference analysis methods and coefficients of determination (R 2 ) for predicted vs. reference analysis values were: total protein, N combustion, 0.98; sucrose, high performance liquid chromatography (HPLC)/electrochemical detection, 0.93; starch, enzymatic hydrolysis/colorimetry, 0.78; oligosaccharides, HPLC/electrochemical detection, 0.85.
Statistical analyses
Statistical analyses were performed separately for navy and largeseeded bean trials. Yearly data were analyzed with the PROC GLM procedure in SAS 9.2 (SAS Institute, 2008) to compute the estimates of sums of squares due to genotype, location, and genotype
Multi-year analyses
To avoid estimation bias of genotype effects in the unbalanced multi-year data, the BLUP values were estimated for each genotype across the years 2004 to 2009, separately for navy and large-seeded bean. Location within year had significant effect for all traits in both bean types. The random effect of genotype in the multi-year analyses was significant for all traits in both bean types except for degree of packing in the large-seeded bean where there was no significant effect of genotype (Tables 3 and 4) .
Biplot analyses
Genotype × trait biplots, exploratory plots of genotypic and trait means onto the first two principal components of the data, provide a visualization of the variation and the association among canning quality traits (Fig. 1) as well as an approximation of relative performance of Gs for each one of the quality parameters. If the biplot explains a sufficient amount of the total variation, then the cosine of the angle between the vectors of two quality parameters (or genotypes) approximates the correlation coefficient between the two, while the distance of the markers of quality parameters or genotypes from the origin of the biplot represents the amount of variation for that parameter or genotype (Yang et al., 2009) . Moreover, the relative performance of each genotype for each trait can be approximated by first drawing a line from the marker of each quality parameter that passes through the origin of the biplot and then perpendicular lines drawn from the markers of genotypes onto the trait line. The order in which perpendiculars of genotypes cross the trait lines represents the ranking of genotypes for the particular trait (Yan and Rajcan, 2002) .
Using standardized genotypic BLUP values, principal components 1 and 2 (PC1 and PC2) were calculated and * Probability that value is significant at alpha equals 0.05. ** Probability that value is significant at alpha equals 0.01. *** Probability that value is significant at alpha equals 0.001. † canned bean yield: total volume of blanched sample yielded from 1 kg of dry bean, divided by 160 mL (filling volume of one standard can). ‡ 1 = more than half the bean remains in the can; 5 = can emptied completely.
together accounted for 53.32 and 51.06% of the variation for navy and large-seeded bean, respectively (Fig. 1) . In the navy bean trials, the percent washed-drained solids was negatively associated with texture traits (r = -0.46, P < 0.001), can yield (r = -0.58, P < 0.001) and hydration coefficient (r = -0.62, P < 0.001) whereas it was positively associated with degree of packing (r = 0.65, P < 0.001). There were weak, but significant, positive association between protein content and can yield (r = 0.31, P < 0.01) and between protein content and hydration coefficient (r = 0.21, P < 0.05). Hydration coefficient was positively associated with can yield (r = 0.81, P < 0.001). The seed composition traits, particularly the starch and sugar concentrations, were positively associated with each other, except protein, which was negatively associated with all other composition traits. In addition, the seed composition traits were only weakly associated with texture traits, washeddrained solids, can yield, hydration coefficient, and degree of packing. Biplot analyses of the navy bean data for individual years (Supplemental Fig. 1 ) had a higher proportion of the variation explained by PC1 and PC2 (53.7-69.8%, combined). Although the strength of correlations varied from year to year, the yearly biplots repeatedly showed the same associations as in the combined biplot analysis. For ** Probability that value is significant at alpha equals 0.01. *** Probability that value is significant at alpha equals 0.001. † canned bean yield: total volume of blanched sample yielded from 1 kg of dry bean, divided by 160 mL (filling volume of one standard can). ‡ 1 = more than half the bean remains in the can; 5 = can emptied completely. instance positive association between hydration coefficient and can yield, and negative association between the texture parameters, firmness and plateau force, with percent washed-drained solids, were repeatedly observed in yearly biplots and in across-year biplot.
For the large-seeded bean, the percent washed-drained solids was negatively associated with texture parameters (r = -0.37, P < 0.01), can yield (r = -0.33, P < 0.05) and hydration coefficient (r = -0.27, P < 0.05) and positively associated with degree of packing (r = 0.69, P < 0.001).
Protein content was positively associated with can yield (r = 0.24, P < 0.05) and hydration coefficient (r = 0.28, P < 0.05), while hydration coefficient and can yield were positively correlated (r = 0.77, P < 0.001). A significant negative association was found between hydration coefficient and washed-drained solids (r = -0.33, P < 0.01), suggest ing that greater water absorption resulted in a greater amount of solid loss after blanching. Degree of packing was negatively associated with can yield (r = -0.37, P < 0.01). As in the navy bean trials, protein was negatively associated with free sugar (r = -0.46, P < 0.001), starch (r = -0.78, P < 0.001), and sucrose (r = -0.36, P < 0.01). Overall, seed composition traits were positively associated with texture traits but only weakly associated with degree of packing, hydration coefficient, and washed drained solids. As in the navy trials, PC1 and PC2 used in the yearly biplot analyses explained more total variation (ranging from 53.8-61.2%, see Supplemental Fig. 2) , than the multi-year BLUP model (51.06%, Fig. 1B) . However, similar associations were maintained from year to year: a positive association between can yield and hydration coefficient was consistently observed as was a strong negative association between starch and protein. Associations between other composition traits were more varied between years in the large-seeded bean trials.
All check varieties (the navy bean Cirrus, the dark red kidney AC Calmont, the light red kidney AC Elk, and the cranberry bean Hooter) fell close to the origin of the two biplots while experimental lines were positioned at a greater distance in every direction from the origin. This indicates that the check genotypes were close to average for all quality parameters, but that selectable variation exists among the genotypes for all quality parameters. Among genotypes in the two biplots the navy bean variety OAC 07-3 can be noted for high values in starch, free sugar, and sucrose content and variety Michigan Improved Cranberry in the large-seeded bean trials can be highlighted for extremely high texture parameters, plateau force, and firmness.
dISCuSSIoN
A dataset of canning quality parameters of elite navy and large-seeded bean genotypes tested in registration trials from 2004 to 2009 in Ontario was used to study the relative importance of genotype, environment, and their interaction on quality parameters. Analyses of variance components within years indicated that genotype and GL interaction effects were the main sources of variation for hydration coefficient, can yield, washed-drained solids, and texture parameters in navy bean. For the large-seeded bean, however, this study found that the proportion of variance explained by the GL interaction effect was higher than genotype and location main effects for hydration coefficient, can yield, and degree of packing. Walters et al. (1997) reported a higher variation due to location and year as compared to genotype for washed-drained solids in navy bean. They attributed the significant year effect to large differences in temperature and soil moisture conditions during the growing seasons. Balasubramanian et al. (1999) also found that genotype and genotype × environment interaction significantly influence washeddrain solids in three Mesoamerican market classes: navy, black, and pinto bean. Ghaderi et al. (1984) also reported a significant cultivar × location interaction for degree of packing in pinto bean. Posa-Macalincag et al. (2002) found for canned product appearance in kidney bean, that while the GL was significant; it was much lower than the effect of genotype alone. Wright and Kelly (2011) also found that although canning quality varies significantly between years, that genetic variation accounts for a significant portion of the total trait variation; however, in a quantitative trait loci (QTL) analysis very few QTL were found to be repeated in multiple years and across multiple environments.
There was significant variation among years for all physical, texture, and chemical parameters except for hydration coefficient and can yield in both navy and largeseeded bean. A hydration coefficient value of 1.8 to 2.0 is often considered optimum for well-soaked bean (Nordstrom and Sistrunk, 1979; Hosfield, 1991) . Bean processors may reject a seed lot if the hydration coefficient is significantly <1.8 due to the added cost per can, as a higher dry weight of bean seeds will be required to fill each can. In this study hydration coefficient ranged from 1.8 to 1.9 in all market classes examined.
In genotype performance trials, a certain proportion of entries are discarded and new entries are added each year. This results in highly unbalanced dataset with a large fraction of missing values in the year × location × genotype classifications. Piepho et al. (2008) proposed that to estimate the cultivar effects in such data-sets, BLUPs, which assume random genotype effects (Searle et al., 1992) , should be used in the plant breeding and variety testing. In this work, the estimate of genotypic values in the unbalanced data was done using BLUPs of the genotypes in a mixed model, in which genotypes were random effects. For the yearly balanced data, the least square means of the yearly analyses were used to construct the GT biplots, and for the multi-year unbalanced analyses, the estimates of genotypic BLUPs were used to develop the multi-year GT biplots. The biplots provided a tool to visually compare genotypes in relation to quality parameters and to study multi-genotype associations among quality parameters. In addition, GT biplots can be used to study the relative performance of genotypes for a variety of phenotypic traits, which is important for both cultivar evaluation and parental selection (Yan and Rajcan, 2002) . Ghaderi et al. (1984) examined interrelationships between canning quality traits in navy and pinto bean and found that with few exceptions, associations among quality characters were low. However, the GT biplot analyses in our study pointed to a number of associations that were repeated from year to year and were observed in the across-year analyses. Texture parameters, firmness, and plateau force were negatively associated with percent washeddrained solids and degree of packing, and were positively associated with can yield and hydration coefficient. Ghaderi et al. (1984) reported that firmer textured bean produced lower washed-drained weights. Lu and Chang (1996) also showed that washed-drained weight was negatively associated with firmness of canned bean. In studies using black bean, strong associations were seen between hydration coefficient and texture Mendoza et al., 2014) , with higher water uptake being associated with a softer canned product. Texture is often used as a measure of consumer acceptance of canned bean Hosfield, 1991) as it affects the eating experience and mouth-feel while chewing . A higher percent washed-drained weight is preferred by processors, and provided that the seed coat integrity is not subsequently compromised during processing, is indicative of an end product with a high percentage of intact bean which is generally preferred by the consumer.
The GT biplot analysis also highlighted a negative association between protein and starch content, which was consistently observed across years in both navy and largeseeded bean trials. This indicates that selection for a starchier bean in a given breeding program may result in reduced protein content. Florez et al. (2009) also reported a negative correlation between protein and starch in common bean.
When examining a large set of potential registered varieties for quality traits, the immediate question arises as to how to judge one variety superior to another. However, it is unclear for most quality traits, what exactly is preferred by the canning industry as each cannery has unique specifications, procedures, and recipes which are varied from one production lot to another to achieve a consistent product. The canning evaluations done in a breeding program can only provide an imprecise estimate of a cannery's evaluation. The quality traits examined in this study can be divided into three categories for reflection: economic traits, which directly affect the cost of producing a canned product, such as hydration coefficient and can yield; consumer traits, which would likely affect the acceptability of the canned product by the consumer, such as degree of packing and washed-drained solids, which affect visual appeal, and firmness and plateau force which influence the mouth-feel of the canned product; and, the composition traits, which are likely to have little effect on the acceptability of a canned bean variety as if they have an impact on palatability, can likely be corrected with changes in the sauce or brine mixture. Given this set of assumptions, the authors have imagined three types of selection strategies for navy bean based on quality traits. In Fig. 2, panels a, b , and c show selection of 40% of the navy bean varieties tested based on their quality relative to Cirrus, the check variety. In panel a, Cirrus is assumed to have the ideal canning quality and no quality trait is given precedence; selection of the 38 varieties around Cirrus. The selected varieties are unlikely to have superior canning quality than Cirrus, but offer the advantage of consistent canning quality between genotypes. The selection strategy shown in Fig. 2b is based on selecting for improved can yield, to maximize the economic return at the cannery; the 38 varieties with the highest score along the can yield projection are shown as selected, with 31 of these having a higher score than Cirrus. These selected varieties represent those with the highest potential for added profit at the cannery, however, some of these lines have texture scores higher than the control and most of them are among the lowest along the washeddrained solids trait projection. In a study of five historically important navy bean varieties in Michigan, Butler and Cichy (2011) suggested that a consistent and uniform canning quality, as determined by a visual rating, which takes bean integrity into account, is necessary for a variety to be commercially successful. If navy bean was selected based on can yield alone, several selected lines would likely have sufficiently low washed-drained weights as to be undesirable to the end-user. A final selection strategy is shown in Fig.  2c , a minimum score along the can yield, washed-drained solids, and texture-firmness trait projections were set to capture 38 varieties. The area containing the selected varieties is shown in greater detail in Fig. 2d with the projection of Cirrus along each of these traits is shown relative to the selected varieties. In this case, 18 selected varieties appear higher along the can yield projection than Cirrus, 17 varieties along the washed-drained solids projection, and 14 with a higher projection along firmness. However, only three varieties appear in the area delineated between the can yield and washed-drained solids score projections for Cirrus, indicating that selecting for improvement for both of these traits simultaneously may be a challenge. A second set of three desirable varieties can be seen near the junction of the three trait projections for Cirrus: these three varieties have a higher can yield projection, and only slightly lower washed-drained solids and texture-firmness projections as compared to the control line, Cirrus. This more sophisticated method for selecting for canning quality allows selecting for varieties that provide both an increased economic return to the cannery and consistent end-use quality.
In summary, for both navy and large-seeded bean classes, there was significant variation between genotypes for most canning quality parameters. The effect of environment was more important for physical and texture parameters than for composition parameters. The repeatable negative association between texture parameters and washed-drained solids and between protein and starch contents can be highlighted as the most obvious and repeatable associations among quality parameters in this study. The associations between different canning quality parameters suggest that there are tradeoffs that must be made when selecting genotypes for superior canning quality (Walters et al., 1997) and these associations combined with a clear indication from industry for a preferred canning phenotype would help guide future selection efforts in bean breeding programs. 
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